DNA
(deliver)
(adenovirus)
( retrovirus)
(herpesvirus)
(micro injection) (liposomes)
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(electroporation)

1.
2
)
3.
4,
(eukaryatic)

1999

(prokaryotic)
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Water

Cholesterol

Fatty chains

Water-soluble
head group

1.
4
1980 2.
(agueous pathway)
1 nm
105
(barrier)
(electroporation)

2 1999 Huang & Rubinsky (AW)

(transmem-brane potential)
()]
1. ®)
(lipid)
(bilayer) 1 AU = 1.5 ERcos ¢
(hydrophilic polar head group)
(hydrophobic tail) AU (induced transmembrane
potential)
E
R
(phosphoalipids) )
(cholesteral)

(born transmembrane voltage)

2 6nm 1 2 (breakdown)
12 nm

(Na'
(corneum) K" Q)
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\..lh
- DNA
|-
AV/,
“-.____““
3. cuvette
- (in-
vitro) (cuvette)
2 3
2. Cuvette
1 2 4 10mm
2mm 0.5mL
in-situ cuvettes
system 4 5
(in-situ)
(gene therapy)
30 100V ( 1V)® 6
(drug delivery)
Upper Electrode
Assembly )
connection to
Electroporators
CATHODE via Cuvetfe Holder
ggpme;a?tlﬁggm Lower Electrode
Assembl
- y
Electrode Gap ~* Microporus Membrane Holder
4 mm
4 AMODE & ~., Lower Buffer
. _. Adherent Cells Microporous Membrane compartment
IN-Situ cuvettes
(from Equibio)
26 91.4



5.in-situ cuvettes (from Equibio)
6. electroporation
(from Genetronics)

7. in-vivo electroporation
(from Genetronics)
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in-vivo electroporation
(from

Genetronics)

U.S. Patent

(chitosan)
(hyaluronic acid, HA)

PMMA (polymethyl

(Huh-7)

10 )

(10)

Mari Dezawa
DNA
( 1 )

10V
@ pSVLa2 plasmids

PMMA

©

methacrylate)
2.
(cuvette)
DNA
1.
Parameter Vaue Location
6.8 Intracellular
pH 7.0 Interstitial
7.15 7.35 Blood
37°C Normal Core
Temperature
28°C Normal Skin

4x10"Nm”| Muscle (peak stress)

Mechanical Stress —
4x 10 Nm~ | Tendon (peak stress)

Stress Cycles 3x10° Peristalsis

PMMA

Channel

L —

PMMA

(per year) 3x10° Heart muscle contraction

28 91.4




Cultured Cell

Tape (0.5 mm")

Electrode

Contact Pad

10.
3.
collagn  poly-D-
lysine
0.5%
Trypsin-EDTA
95% CO,
0.5% 37°C
24
D-PBS

(FBS) (lipoprotein)

GFP-DNA
4, DNA
DNA
DNA
DNA
(green fluorescent protein, GFP)
GFP
GFP 6 GFP  DNA
DNA
DNA DNA
DNA
GFP DNA
DNA plasmid
pRAY 1 GFP™
pPEGFP-N1 Vector
679 1398
GFP DNA GFP DNA

(GFP)

@

11. (a) (b)
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pEGFP-N1 Vector Information
GenBank Accession #U55762

Eco0109 1
(3856)

12 s;jl_mgs clrlal:gcﬁ BAC Tcn_sg_ch
) Nhel Ecodl Bglll  Xhol
pPEGFP-N1
GFP 488nm () 507
nm ( )
5.
GFP 24 GFP
Olympus BX 40
U-MWIB (excitation 460 490 nm, emisson

515 nm-) 13 Pixera

600CL Cooled CCD

Huh-7 Chang-liver
HAPG2
(human unbibical vein endothelial)

30 91.4

PT3027-5
Catalog #6085-1

SnaB |

MCS
{591-671)

PoVA - pEGFP-N1
4.7 kb

Kan'llr svag

Neo"

BsrG 111389

Notl a0

) Xba I n412)
SV40 ori fl
ori

Afl 1 (160)
Dra lll (1872)
Stul
|2579)
&n [ (20} =1 (-9} &N
. . . . . - _EGFP
AAG CTT CGA ATT CTG CAG TCG ACG GTA CCG CGG GCC CGG GAT CCA CCG GTC GCC ACC ATG 6TG
guipy Hind W EcoR | Pstl  Sall m;l alpazlm o Eami 1 Agel
Ecimg Il Acel Asp Sau.-lfm"1 Smal

( 14)

multiporator (Eppendorf
Scientific Inc., USA) microvascular
endothelia (rat heart)

10%

400 V

18.5%

Eyepiece
Mercury Burner

&)

Exciter Filter

Specimen

13.



4V

12%
87%
(Iysis)

0V 0.1 W/pulse

(drug delivery)
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